Catalytic roles of divalent metal ions in phosphoryl transfer by EcoRV endonuclease.
The rate constant for the phosphoryl transfer step in site-specific DNA cleavage by EcoRV endonuclease has been determined as a function of pH and identity of the required divalent metal ion cofactor, for both wild-type and T93A mutant enzymes. These measurements show bell-shaped pH-rate curves for each enzyme in the presence of Mg2+ as a cofactor, indicating general base catalysis for the nucleophilic attack of hydroxide ion on the scissile phosphate, and general acid catalysis for protonation of the leaving 3'-O anion. The kinetic data support a model for phosphoryl transfer based on wild-type and T93A cocrystal structures, in which the ionizations of two distinct metal-ligated waters respectively generate the attacking hydroxide ion and the proton for donation to the leaving group. The model concurs with recent observations of two metal ions bound in the active sites of the type II restriction endonucleases BamHI and BglI, suggesting the possibility of a similar catalytic mechanism functioning in many or all members of this enzyme family.